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One of the most famous images of the
twentieth century, this view of the fully lit globe %%EMBMSJB%(;LE
of Earth was taken from Apollo 17 shortly after
Its launch on December 7, 1972
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llustrating the problem
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Emerging CO2 patterns

Scientists poring over data from NASA's
Orbiting Carbon Observatory-2 mission are
seeing patterns emerge as they seek
answers to questions about atmospheric
carbon dioxide.

READ MORE

ARCTIC ICE MINIMUM

1 3 3 percent per
. decade

GLOBAL TEMPERATURE

1 4 °F since 1880

CARBON DIOXIDE

4 OO . 9 5 parts per million
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LAND ICE
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Historic energy transitions
he role of technology
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What are the solutions going
forward?
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B Hydro power
® Solar power

A Wind power

Wind
300 GW
25 000 km sq
5000 x 10 km

700 GW
8000 km sq
90 x 90 km




Global energy consumption ~  POWERCIRCLE

Global energy consumption 2013 o
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¥ Coal * Butall energy is not

Nuclear the same

* Electricity is typically
at least three to five

s B Wind times more efficient
Fossil Fuels = 87% in use
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Energy Options ---....._.?BSM%EMBMSJB%SLE

Fossil fuels Renewables ' -----------
Global reserves/resources Global energy potential per year :

Q

e 00 W
348 155 60 18385820 200 2850
< | ] ] | = =] | | H | >
Energy potential/Global . Energy potential/Global
annual energy consumption annual energy consumption
Energy potential Thereof conven- Energy potential technologically utiliz-
Reserves/Resources2 tionally utilizable? (amount of energy p. a.)2 able (state of the art)
B coal ~ 135.000 EJ Solar radiation ~1.111.500 EJ ~1.482EJ
Natural gas ~ 60.400 EJ ~12.000 EJ Wind energy ~78.000 EJ ~195EJ
B Crudeoil ~23.000EJ ~9.800 EJ | Biomass ~7.800 EJ ~ 156 EJ
B Geothermal ~1.950 EJ ~ 390 EJ
I Global energy demand 2006: ~ 470 EJ I Hydro/tide power - 1.170 EJ ~78EJ

5&&7‘&54{7 fﬂ sustainable eneigy Source: University of Twente
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Electrification Is key...



Development of final  powercIRCLE

energy demand R

Figure 4: Development of Economy-Wide Final Energy Demand, in PJ "
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 Development of electrlc:lty

demand

Figure 5: Development of Economy-Wide Electricity Demand, in TWh
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Electricity is more efficient....



Efficient transportatlon POWER CIRCLE
electricity is 3- 5 times more eff|C|ent W@” frv tustainable ey
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1) Energy consumption and related air pollution for Scandinavian electric passenger trains,
Report KTH/AVE 2006:46; 40 % belaggning
2) 2 pers / bil



" Electrification of road transport 3 — POWER CIRCLE
5 times more efficient | Sy fo mehosble gy

Swedish VINNOVA N TRAFIKVERKET

Energy Agency T — L ] J  SWEDISH TRANSPORT ADMINISTRATION
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" Electricity is more eff|C|ent POWER CIRCLE

24 times more efficient.. | ety for bl gy
—m """"
Cutting 43 cm 46 cm

Weight 14 kg 31 kg
Sound level 66 dB 77 dB
Battery / Gas tank 0,1 kWh 9 kWh
Operation time 0,3tim 1,2 tim
Energy / hour 0,3 kWh 7,5 kWh

Relative consumption




 Electric lighting dramatically more ER CIRCLE
efficient than oll...  sateinable ency
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Development continues... ~ POWERCIRCLE
Cost / efficiency LED | SRR fr itkiabls gy
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KWH per year, 8 times better..
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Best in class 40 & fIatScreen TV %%EMBMS;BW;LE
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 Butthan we have POWER CIRCLE
the rebound effect...
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PV Solar



Solar cells gained prominence with their incorporation'"'m"'".‘jf"'.'.,j_'”"- -----------
onto the 1958 Vanguard | satellite.

The spacecraft was a 1.47-kg
aluminum sphere 16.5 cm in
diameter. It contained a 10-
mW, 108-MHz mercury-
battery powered transmitter
and a 5-mW, 108.03-MHz
transmitter powered by six
square (roughly 5cmona
side) solar cells mounted on
the body of the satellite

Source:Wikipedia
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Price history PV L S sty
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Source: Bloomberg New Energy Finance & pv.energytrend.com

%Mf/]&w sustainable eneigy Source:Wikipedia
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Global installed PV capacity =~ “eomerese

0T Accumulated Capacity Annual installations
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%Mz‘/ﬁ? sustainable eneigy Source:Wikipedia



'Regions that have réaChEd_.-_ POWER CIRCLE
grid parity for PV L uhiageeatig

Grid parity for solar PV systems around the world
. Reached grid-parity before 2014

. Reached grid-parity after 2014

. Reached grid-parity only for peak prices

U.S. states poised to reach grid-parity

Source: Deutsche Bank, as of February 2015




~ And the development will ~ powER CIRCLE
continue I

Experience curve for PV modules and extension to 2035 in the IEA Energy
Technology Perspectives 2014 - 2DS scenario
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Mote- yellow dots indicate past module prices; orange dots are expectations. The oval dots correspond to the deployment starting in 2025, comparing
the 205 (left end of oval) and 2D5 hi-Ren (right end).



How efficient can PV solar become

’? POWER CIRCLE
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wWind



Global wind power
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off shore wind turbines ~ )

t&&ﬁa’é&z‘fﬁw fustrinable ensigy Source:DNC-GL



- Wind power is largescale  poyep cireLE
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Enabling technology
Power transmission



Power t_ransmlssmn POWER CIRCLE
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Germany has deci ded o N POWERCIRCLE
HVDC CO r r I d O rS Fhloatrinids Lo suttniuable. vuvrsis

Warum Netzausbau? Randbedingungen

‘iR 2021

Stand 2013: 0,5 GW ] Stand 2013: 36,6 GW
Zubau bis 2024: S m P - ~ Zubau bis 2024:
9,2 GW G i 19,4 GW

(Zahlen entsprechen dem Szenario B2024
abziglich der Offshore-Reduktion)

I HeU-Korridor
Kemkraftwerke

k geplante Abschaltung

Pp—



- Development of power  poweR CIRCLE
transmission cables | Hlenadyfo mebitle wgf

A single pair of ABB’s latest 525kV HVDC extruded
cable will be able to transmit up to 2.6 GW of power
from renewable energy resources

GW ...enough to serve
capacity the electricity needs of

, City of Lights

]
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Enabling technology
Forecasting
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Solar forecasting =~ POWER CIRCLE
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steadySat structure
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from 0 to 6 hours
STEADYSUN

ALGORITHM from one minute

LEARNING

Forecast for an island (36MW] with quantiles

28 000
e /AW
21 000
14000 B Pactual
Pforecast min
7 000 I Pforecast max

B Pforecast
M p50




POWER CIRCLE

Enabling technology
Batteries
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Cost development batteries e wiaicany

Figure 2: Lithium battery cost to decline >50% by 2020 """""" o
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Source: Tesla, Umicore, UBSe. Cost estimates are for the battery pack (€/kWh).



- D. Ristori (DG ENER) at a high-level
roundtable on storage atthe EC ~ POWER CIRCLE
(19.05.2015) T O “

e Storage should be at the heart of the internal
market and become the top priority for the
energy system in the EU.

e Storage has been underestimated for long,
and it should change rapidly.

e The EU will use all the tools available to

support storage development, such as
Horizon 2020



~ Stakeholders at a hlgh Ievel roundtable ON bOWER CIRCLE
storage at the EC (19.05.2015) | Sk fo metiusle gy

e EDSO: We will need storage at whatever cost with an
increase of the share of RE.

e RTE: we should stop focussing on conventional
economic analysis when it comes to storage

* Eurelectric: for a new market design, we should start
from this rule: everyone going to the grid should be
balanced. No more simple injection of electricity in the
grid.



Tasly e POWER CIRCLE
New entrant in power business

* Powerwall for household 350 S / kWh
* Powerblock for utilities 250 S / kWh




Source: VW
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Small scale or large scale ?
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Economy of scale, PV systems et mbasioy

Investment costs of utility scale and rooftop PV systems in the IEA Energy
Technology Perspectives 2014 - 2DS and the 2DS hi-Ren scenarios

Utility-scale PV system Rooftop PV system

UsD/kw
8

2020 2030 2015 ‘ 2020 2030
Range m2DS M 2D5 hi-Ren Averape * 205 2D5 hi-Ren




wind turbines

Rotor diameter (m)

2.000 kW
100 kW
10 kW

1.000 - 1.500 € / kW
2.000-5.000 € / kW

250 m @

3.500 - 5.500 € / kW

160 m

126 m @
126 m @

91 '93 "95 97 99 ‘01 '03 '05 '10 ?

W [ ustainable gy

A 15T year of operation
.05 3 5 13 16 2 45 5 75 8/10 rated capacity (MW)



Centralized or decentralized 7 POWERCIRCLE
Basic rules S, Y it

* High economy of scale, centralized
— Wind power
— Hydro
— Storage of heat or water
 Low economy of scale, decentralized
— PV solar
— Storage of electricity in batteries
— Heat pumps



One part of the future...
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Summary- e POWER CIRCLE

* NASA:s has instrumental role to:
— ldentify and illustrate the energy dilemma
— Enable efficient use of renewable power
* Key technologies
— Electrification
— Efficiency
— PV Solar, Wind
* Enabling technologies
— Power transmission
— Storage

e Combination of centralized and decentralized solutions

Electricity is likely to remain inexpensive and PV solar will in
many areas become the cheapest source...




